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ABSTRACT

GRAVES, R. R. (Uniiversity of Wiscoinsin, -Madison), AN-D
W. C. IXRAZIER. Food microorganisms influencing the
growth of Staphylococcus aureus. Appl. MIicrobiol. 11:513-
516. 1963. Some 870 cultures of predominating micro-
organisms were isolated from market samples of hamburger,
fresh pork sausage, fresh fish fillets, stewing beef, frozen
chicken pot pie, frozen corn, frozen peas, and pasteurized
and raw milk, before and after storage at different tempera-
tures. The isolates were screened for their ability to in-
fluenice the growth of Staphylococcus aureus strain 196E by
means of spot-plate tests on AlT and nutrient agars at
25 C. The 438 cultures that influeniced the growth of S.
aureus were retested on spot plates at 15, 30, and 42 C.
After elimination of replicates, the 143 remaining cultures
were classified into species, genera, or groups, and 14 dif-
ferenit cultures were tested for their influence on the growth
of S. aureus in APT broth at 23 C. Over half of the effec-
tive cultures inhibited S. aureus and less than half were
stimulatory. Pork sausage had the highest proportioni of
inhibitory cultures, arid stewing beef had the lowest. APT
agar was better than nutrient agar for screening, and incu-
bationi at 15 C gave more effector organisms than at 30
and 42 C. .\Iost of the lactic acid bacteria were inhibitory,
but other groups of bacteria containied more stimulatory
cultures than inhibitory ones. The three Escherichia coli
cultures were stimulatory, but most other Escherichia
cultures were inhibitory. Aerobacter and Paracolobactrum
isolates were mostly stimulatory. Cultures of other kinds
of bacteria were more or less evenly distributed between in-
hibitory ones and stimulatory ones. Genera containing
mostly inhibitory bacteria were Streptococcus, Leuconostoc,
and Lactobacillus. Inhibitory species were E. freundii and
E. interinedia. Tests with S. aureus in broth indicated that
all cultures inhibitory according to spot plates were in-
hibitory in broth, but stimulationi onI spot plates did not
always indicate the same phenomenon in broth.

A niumber of workers have reported on the inhibition
of growth of Staphylococcus aureus by other microorga-

1 Published with the approval of the Director of the Wisconsin
Agricultural Experiment Station.
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nisms, some of which were food organiisms, but there is
little information on the incidence of these effector orga-
nisms in foods. Stimulation of the staphylococcus by
species of Streptococcus and Lactobacillus was noted by
Judge (1958), and by species of Candida by Emmanouili-
dou-Arseni and Soultani (1960). Ability to inhibit the
staphylococcus was reported by Regnier and Lambin
(1934), Heatley and Florey (1946), and Oberhofer and
Frazier (1961) for Escherichia coli; by Blackford, Parr,
and Robbins (1951), Lockhart and Powelson (1953),
Wynne (1947), and Higginbottom (1959) for coliform
bacteria; by Hettche (1932) for Serratia miarcescens; by
Thompson and Johnson (1951) for salivary streptococci;
by Hirsch and Wheater (1951) for Streptococcus lactis; by
Hirsch, AMcClintock, and Macquot (1952) and Vincent,
Veomett, and Riley (1959) for lactobacilli; by Rosebury,
Gale, and Taylor (1954) for S. faecalis and S. mlitis; by
Oxford (1944) for lactic streptococci; by Su (1948) and
Loeb, iIoyer, and _Murray (1950) for micrococci; by
Dubos (1939) and Lockhart and l'owelson (1953) for
Bacillus species; by Garre (1887), Lewek (1890), Lode
(1903), I,ewis (1929), and others for Pseudomonas species;
and by Greez, Dack, and Hedrick (1961) for Brevibac-
teriuiwi linens.

Oberhofer and Frazier (1961) tested 66 cultures of food
bacteria from various culture collections and found that
E. coli, various fecal streptococci, a nisin-producing strain
of S. lactis, and unidentified meat lactobacilli were in-
hibitory toward S. aureus and that this inhibitory effect
varied with the medium used and the temperature. Troller
and F razier (1963a, b) studied the effect of seven inhibitory
cultures of food bacteria on S. aureus and found that the
medium and the proportions of bacteria in the inocula
were important in determining the amount of inhibition.
Five of the organisms apparently inhibited by means of
antibiotic substances and two out-competed the staphylo-
coccus. Peterson, Black, and Gunderson (1962) found de-
pression of added staphylococci by mixed populations of
microorganisms in thawed frozen chicken pot pies.

MATERIALS AND ]METHODS

Some 870 cultures of microorganisms which predom-
inated in market samples of hamburger, fresh pork sausage,
fresh fish fillets (perch), stewing beef, frozen chicken pot
pie, frozen corn, frozen peas, and pasteurized and raw
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milk, before and after storage at different temperatures,
were isolated, checked for purity, and screened for their
ability to influence the growth of S. aureus strain 196E,
by means of spot-plate tests on APT (Difco) and nutrient
agars at 25 C. Solid food items were incubated at .5, 15, 25,
37, and 45 C; milks were incubated at 5, 10, 30, 37, and
45 C. Samples were taken at 1-, 2-, or 3-day intervals,
and oftener at the higher temperatures of storage. Foods
at 5 C were held for 6 to 12 days, others only 3 days. The
444 cultures that influenced the growth of S. aureus were
purified and retested on S. aureus 196E on nutrient and
Al'T agar plates at 15, 30, and 42 C. On the basis of a
study of morphological, cultural, and physiological char-
acteristics, enough replicates were eliminated to reduce
the number of cultures to 143, and these were classified
into genera as far as feasible and into species in some in-
stances according to descriptions given in Bergey's Manual
of Determinative Bacteriology (Breed, -Murray, and Smith,
1957). Preliminary tests had shown that strains 196E
and 255 (both enterotoxigenic) of S. aureus and Wi and
Wis. 523 (both nonenterotoxigenic) reacted similarly when
grown in broth with an inhibiting strain (P- 111) of
Leuconostoc.
A total of 14 cultures, including a yeast and a representa-

tive from each of 13 different genera of bacteria, were
inoculated into APT broth to which was added an equal
number of cells of S. aureus 196 E. I'late counts of viable
staphylococci were made in mannitol-salt-agar at the time
of inoculation and after 8 and 16 hr of incubation at 25 C,
and comparison was made with numbers in a pure culture
of S. aureus growing in the same medium at 25 C.

RESULTS

General results with all cultures isolated. Screening tests
showed that 438 (50.4 %) of the 870 cultures isolated from
foods influenced the growth of S. aureus on the agar media.
Over half (56.6 %0) of the effective cultures inhibited the
staphylococcus and less than half (43.4 %) were stimula-
tory, the effects ranging from slight to marked. About one-
fourth of the inhibitory and stimulatory cultures were
only slightly so. Table 1 shows the total numbers of iso-
lates from each food and the number and percentage of
these cultures that were inhibitory, stimulatory, or with-
out effect. A few cultures showed both inhibition and
stimulation on the plates. The ratio of inhibitory cultures
to stimulatory ones was highest in isolates from pork
sausage and lowest in isolates from stewing beef. Ham-
burger had the highest percentage of ineffective cultures.

In the screening tests, the inhibitory or stimulatory
effect of food organisms on the staphylococcus usually
was more apparent with APT agar than with nutrient
agar, and, for the most part, was greatest at 15 C, less at
30 C, and least or absent at 42 C. Table 2 shows the results
of screening tests at 1.5, 30, and 42 C with different groups
of effector organisms. The inhibitory streptococci were
effective almost as often at 30 C as at 15 C, and some were
active at 42 C. The gram-negative rods were effective

about three times as often at 15 C as at 30 C, and only
one had any effect at 42 C. The lactobacilli did little at
30 or 42 C. The bacilli, on the other hand, were effectively
inhibitory or stimulatory at the higher temperatures.
M\ost of the stimulation by all other groups of organisms
was demonstrated best at 15 C.
The isolates from the foods were grouped as shown in

Table 2 on the basis of morphological, cultural, and
physiological tests. The streptococcus group, which in-
cluded some leuconostocs, contained mostly inhibitory
cultures. Grouped as coliforms were gram-negative rods
that produced acid and gas from lactose in 48 hr at 37 C.
These included E. coli, E. freundii, E. intermledia, and
Aerobacter aerogenes and A. cloacae, but not Paracolobac-
truin isolates which fell into the group of "other gram-
negative gas-formers." Organisms in this group produced
gas from glucose, but not from lactose, within 48 hr. Some
of the bacteria in this group were in the genus Proteus.
The nongas-forming, gram-negative rods were primarily
Pseudomnonas-Achrowiobacter organisms, although a few

TABLE 1. Effect of all czultures front variouis foods on Staphylococcus
aureus 196 E in spot-plate tests

Food

Pork sausage....
Hamburger. ....
Beef ............
Chicken pie.....
Fish ............
Frozen corn...
Frozen peas...
Raw milk.......
Pasteurized
milk ..........

Total ...........

Total no.l

86
78
81
88
87
117
150
83

No.

33
8
4

27
10
37
51
34

100 44
870 248

Cultures isolated

Inhibitory Stimulatory No effect

Per cent

38.37
10.26
4.94
30.68
11.49
31.62
34.00
40.96

44.00
28.50

No.

4
6

33
27
24
25
35
18

18
190

Per cent

4.65
7.69

40.74
30.68
27.59
21.37
23.33
21.69

No.

49
64
44
33
53
55
64
31

18.00 38
21.84 432

Per cent

56.98
82.05
54.32
38.64
60.92
47.01
42.07
37.35

38.00
49.66

TABLE 2. Effect of different groups of effector organisms on
Staphylococcus aureus 196 E in spot-plate tests at 15, 30,

and 42 C

No. of inhibitory actions No. of stimulatory actions
Organism

Total s5 C 30 C 42 C Total 15 C 30 C 42 C

Cocci
Streptococci 85 85 71 14 3 3 0 0
Micrococci 32 20 15 5 35 33 6 1

Gram-negative rods
Coliforms* 14 13 5 1 28 22 9 4
Other gas-formerst 35 35 11 0 39 34 16 6
Nongas-forming ....... 34 32 14 0 44 43 8 1

Gram-positive rods
Lactobacilli ........... 18 18 1 0 3 3 1 0
Bacilli 10 5 6 6 16 8 2 9
Others 5 5 2 0 10 10 0 0

Yeasts 5 4 4 0 8 7 1 0

* Acid and gas from lactose in 48 hr at 37 C.
t Gas from glucose, but not from lactose, in 48 hr at 37 C.
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Flavobacte-iumn and Alcaligenes cultures were found. The
few gram-positive rods other than the bacilli and lacto-
bacilli probably belonged to the genus Brevibacteriuw.
The incubation of the various foods at different tem-

peratures before plating resulted in most streptococci and
gram-negative gas-forming rods being isolated after in-
cubation at 37 C, most micrococci and lactobacilli after
incubation at 15 to 25 C, and most nongas-forming, gram-

negative rods after incubation at 5 C. The Bacillus cultures
came mostly from foods held at 37 and 45 C.
As is shown in Table 3, more of the coliform bacteria

that were identified as such were stimulatory toward
S. aureus than were inhibitory. The three E. coli cultures
were stimulatory, but most other Escher ichia cultures were

inhibitory. The Aerobacter and Paracolobactrunit isolates,
on the other hand, were, for the most part, stimulatory.

Table 4 shows numbers of cultures of different groups of
organisms obtained from the kinds of foods yielding at
least three cultures in a group. Streptococci, mostly in-
hibitory, were obtained from all of the foods, but especially
from milk, peas, corn, and pork sausage. Four of these
cultures were inhibitory leuconostocs. MNlicrococci also
were found in all foods examined. -Most of the inhibitory
micrococci came from frozen peas and pork sausage,

whereas stimulatory ones were obtained primarily from
chicken pie, fish, and peas. The few coliform cultures from
meats and fish were mostly stimulatory. About two-thirds
of those from corn, peas, and milk were stimulatory, and
the rest were inhibitory. The other gram-negative gas-

forming bacteria from beef and peas were all stimulatory,
whereas most such organisms from fish, corn, and milk
were inhibitory. The gram-negative rods that did not form
gas from glucose (mostly Pseudowonas-Achr outobacter-
cultures plus a few Flavobacteiium and Alcaligenes iso-
lates) from chicken pie were, for the most part, inhibitory.
Most cultures from fish, beef, and milks, however, were

stimulatory. 1Iost of the lactobacilli were inhibitory. The
bacilli from beef, peas, and milk were stimulatory, but
chicken pie yielded more inhibitory cultures than stim-
ulatory ones. About two-thirds of the yeasts, mostly from

TABLE 3. Effect of coliform bacteria from various foods on

Staphylococcus aureus 196 E in spot-plate tests
_~~~~~ I

Kind of coliform

Escherichia coli......
E. freundii..........
E. intermedia........
Aerobacter cloacae...
Aerobacter

aerogenes ..........

Paracolobactrum
aerogenoides .......

Unidentified .........

Total ...............

IMViC reactions

In-
dole

+

+

Methyl
red

Voges-
Pros-
kauer

+

Use of
citrate

+

H2S
produc-
tion

No. of cultures
affecting S.

aireuis

Inhibi- Stimu-
tory latory

0

5
4
0

4

2
1

16

3

1
1
1

17

7

0
30

corn and peas, stimulated S. aureus, and one-third were in-
hibitory.

Previously all 870 cultures isolated have been considered.
After obvious replicates of effector organisms had been
eliminated, the species, genera, or groups of organisms
shown in Table 5 remained. The table shows from what

TAIBLE 4. Foods as sources of effector organisms

No. of cultures
affecting S. autreits

Organism ____Foods yielding 3 or more effectors
(no. of effectors in parentheses)

Inhibi- Stimula-
tory tory

Streptococci 86 3 Milks (45), peas (17), corn
(16), sausage (5), chicken
(3)

1licrococci 35 35 Peas (28), sausage (14),
chicken (10), milks (5),
fish (4)

Coliforms 14 28 Milks (21), corn (10)
Other gas-formers 35 39 Milks (25), corn (20), chicken

(11), beef (7), fish (6),
peas (5)

No gas, gram- 34 44 Peas (23), fish (16), chicken
negative (12), beef (11), milks (9),

corn (4)
Lactobacilli 18 4 Sausage (10), milks (4), ham-

burger (4), beef (3)
Bacilli 11 16 Chicken (14), beef (5), milks

(3), peas (3)
Other gram- 10 12 Sausage (6), fish (6), beef (5)

positive rods
Yeasts 5 9 Corn (9), peas (3)
Total 248 190

TABLE 5. Effect of cultures selected for different determinative
characteristics on growth of Staphylococcus aureus 196 E on

spot plates

Effect on
S. attreiis*

Species, genus, or group Sources of cultures

I S

Streptococcuts 21 1 All foods
Leuconostoc 4 0 Chicken, corn, peas, raw

milk
Lactobacillus 9 2 All meats, milks
Micrococcus 13 12 All foods
Pseudomonas- 6 15 All foods except sausage
Achromobacter and corn

Flavobacterium 2 1 Sausage, fish, peas
A lcaligenes 2 0 Peas
Escherichia coli 0 2 Hamburger, raw milk
E. freundii 5 0 Chicken, peas, milks
E. intermedia 2 0 Milks
Aerobacter lt 12 Corn, peas, chicken, milks
Paracolobactrum 2 7 All except sausage and

aerogenoides fish
Proteus morganii 1 1 Fish, beef
P. vulgaris 1 0 Fish
Bacillus 5 5 Chicken, hamburger,

peas, milk
Yeast 0 6 Sausage, corn, raw milk

* I = inhibitory; S = stimulatory.
t IMWiC reaction = + - ++.
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foods these cultures came and the numbers of cultures
that were inhibitory or stimulatory. In agreement with
results shown in Table 4, most organisms in the genera
Streptococcus and Lactobacillus were inhibitory. Table a
indicates that the tested isolates in the genera Lenconostoc
and Alcaligenes and in the species E. freundii, E. inter-
media, and Proteus vulgaris were inhibitory, although the
samples were small. On the other hand, Pseudomnonas-
Achromobacter, E. coli, Aerobacter, Paracolobactrum aero-
genoides, and yeast cultures were mostly stimulatory.

Growth of S. aureus with effectors in APT broth. When
equal inocula of S. aureus and effector were added to
APT broth and incubation was at 25 C, plate counts of
the staphylococcus after 8 and 16 hr showed inhibition by
all seven cultures that had been inhibitory according to
spot-plate tests. Of the seven cultures previously found
stimulatory, two were stimulatory in the broth, two were
slightly inhibitory, and three were definitely inhibitory.
It had been observed that the best stimulation of these
cultures on spot plates was at 15 C. It is apparent that an
indication of inhibition on the plates is more reliable than
an indication of stimulation.

DISCUSSION

The cultures selected for further study will be tested
on other strains of S. aureus at different incubation tem-
peratures, in different culture media including human
foods, and with variations in size and proportions of
inocula. Also, attempts will be made to identify the more
active cultures.
Most of the cultures isolated were predominant in the

foods after storage at different temperatures and, hence,
were the ones that would compete with S. aureus if it
were present. Apparently there were inhibitory cultures
growing at all temperatures, but stimulatory ones also
grew. It is possible that inhibition may be balanced by
stimulation in some instances. Indications are, however,
that inhibition is more common than stimulation, despite
the large proportion of stimulating cultures found, for the
limited number of tests in broth showed that some of the
cultures that were stimulatory to the staphylococcus ac-
cording to spot-plate tests really were inhibitory in broth.
By the same token, some of the cultures discarded as in-
effective might have exhibited an effect on the staphylo-
coccus in a liquid medium.

ACKNOWLEDGMENT

This investigation was supported in part by Research
grant EF-382 (C2) from the National Institute of Allergy
and Infectious Diseases, U.S. Public Health Service.

LITERATURE CITED

BLACKFORD, V. L., L. W. PARR, AND M. L. ROBBINS. 1951. Anti-
biotic activity of selected enteric organisms. Antibiot. Chemo-
therapy 1:392-398.

BREED, R. S., E. G. D. MURRAY, AND N. R. SMITH. 1957. Bergey's
manual of determinative bacteriology, 7th ed. The Williams
& Wilkins Co., Baltimore.

DUBOS, R. J. 1939. Studies on a bactericidal agent extracted from

a soil bacillus. I. Preparation of the agent. Its activity in vitro.
J. Exptl. Med. 70:1-17.

EMMANOUILIDOu-ARSENI, A., AND D. SOULTANI. 1960. Antibac-
terial action of Candida. J. Bacteriol. 80:137-138.

GARRE, C. 1887. Ueber Antagonisten unter den Bakterien. Centr.
Bakteriol. Parasitenk. 2:312-313.

GRECZ, N., G. M. DACK, AND L. R. HEDRICK. 1961. Antimicrobial
agent(s) of surface ripened cheese of Limburger type. Bac-
beriol. Proc., p. 64.

HEATLEY, N. G., AND H. W. FLOREY. 1946. An antibiotic from Bac-
terium coli. Brit. J. Exptl. Pathol. 27:378-390.

HETTCHE, H. 0. 1932. Untersuchungen ueber die bacteriziden und
anthrakoziden Bestandteile von Bacillus pyocyaneus und
Bacillus prodigiosus. Arch. Hyg. Bakteriol. 107:337-353.

HIGGINBOTTOM, C. 1959. The associated growth of the coli-aero-
genes group and other bacteria in milk. Intern. Dairy Congr.
9th, London, England 5:1349-1354.

HIRSCH, A., M. MCCLINTOCK, AND G. MACQUOT. 1952. Observations
on the influence of inhibitory substances produced by the
lactobacilli of Gruyere cheese on the development of anaerobic
sporeformers. J. Dairy Res. 19:179-186.

HIRSCH, A., AND D. M. WHEATER. 1951. The production of anti-
biotics by streptococei. J. Dairy Res. 18:193-197.

JUDGE, L. F. 1958. Nutritional symbiosis through microbial asso-
ciations. Ph.D. Thesis, University of Maryland, College Park.

LEWEK, T. 1890. Ueber den Wachstumseinfluss nichtpathogener
Spaltpilze auf Pathogene. Centr. Bakteriol. Parasitenk. 7:
107.

LEWIS, I. M. 1929. Bacterial antagonism with special reference to
the effect of Pseudomonas fluorescens on spore forming bac-
teria of soils. J. Bacteriol. 17:89-103.

LOCKHART, W. R., AND D.M. POWELSON. 1953. Staling in bacterial
cultures. J. Bacteriol. 65:293-296.

LODE, A. 1903. Experimentelle Untersuchungen ueber Bakterien-
antagonismus. Zentr. Bakteriol. Parasitenk. Abt. I 33:196.

LOEB, L. J., A. MOYER, AND R. G. E. MURRAY. 1950. An antibiotic
produced by Micrococcus epidermidis. Can. J. Res. 28E:212-
216.

OBERHOFER, T. R., AND W. C. FRAZIER. 1961. Coinpetition of
Staphylococcus aureuis with other organisms. J. Milk Food
Technol. 24:172-175.

OXFORD, A. E. 1944. Diplococein, an antibacterial protein elabo-
rated by certain milk streptococei. Biochem. J. 38:178-182.

PETERSON, A. C., J. J. BLACK, AND M. F. GUNDERSON. 1962.
Staphylococci in competition. I. Growth of naturally oc-
curring mixed populations in precooked frozen foods during
defrost. Appl. Microbiol. 10:16-22.

RAGNIER, J., AND S. LAMBIN. 1934. Etudes d'un ces d'antagonisme
microbien. Compt. Rend. 199:1682-1684.

ROSEBURY, T., D. GALE, AND D. F. TAYLOR. 1954. An approach to
the study of interactive phenomena among microorganisms in-
digenous to man. J. Bacteriol. 67:135-152.

Su, T. L. 1948. Micrococein. An antibacterial substance formed by
a strain of micrococcus. Brit. J. Exptl. Pathol. 29:473-481.

THOMPSON, R., AND A. JOHNSON. 1951. The inhibitory action of
saliva on the diphtheria bacillus. Hydrogen peroxide, the in-
hibitory agent produced by salivary streptococei. J. Infect.
Diseases 88:81-85.

TROLLER, J. A., AND W. C. FRAZIER. 1963a. Repression of Staphy-
lococcus aureus by food bacteria. I. Effect of environmental
factors on inhibition. Appl. Microbiol. 11:11-14.

TROLLER, J. A., AND W. C. FRAZIER. 1963b. Repression of Staphy-
lococcus aureus by food bacteria. II. Causes of inhibition.
Appl. Microbiol 11:163-165.

lVINCENT, J. G., R. C. A EOMETT, AND R. F. RILEY. 1959. Relation
of the indigenous flora of the small intestine of the rat to post-
irradiation bacteria. J. Bacteriol. 69:38-44.

WYNNE, E. S. 1947. Antagonism by Aerobacter strains. J.
Bacteriol. 53:469-478.

5r-16 APPL. MICROBIOL.


